Theoretical coexistence curves and miscibility maps are compared with experiment for mixtures of type (AxB 1 _x)rt{AyB 1 _y} 2 containing poly(styrene-cobutadiene), poly(butyl methacrylate-co-methyl methacrylate), and poly(styrene-co-methyl methacrylate) random copolymers. We consider copolymers consisting of two types of segments a and {3: (2) where X is the number fraction of segment of type a. In a polymer chain. the number of segments of type a per molecule is given by r a and that of type f3 is given by r ~= ra=rX (3) r~=1{1-X) .
In the following equations, the type of segment-segment interaction is specified by subscripts k and I; these subscripts appear in parameters and pair distribution functions. For copolymers Eq. (1) reduces to 3 (5) where nkl (k,l=a,J3 ) is the number of k-1 sequences (ie., bonding pairs) per molecule in ' hard-sphere chains.
Parameters akl and bkl and the radial distribution function, gkl, are given by
where k and I (k,l=a,J3) specify the type of segments and 1J is the packing fraction given by (11) and 4 (12) In Eqs. (6), (7) , and (8) , CTt (k,l=a,J3) and CT~ are the separation distances between similar and dissimilar segments, respectively, at the minimum potential energies ek (k,l=a,J3) and e~, respectively, in the segment-segment pair potential. Eq. (9) assumes additivity of effective hard-sphere diameters of unlike segments. Eqs. (10) and (12) are the results of a generalization of the radial distribution function at contact from the Carnahan-Starling equation to copolymer systems; derivation of these equations are given in Reference 3.
In Eqs. (6), (7) , and (8), Fa and Fb are known universal functions in terms of reduced temperature defmed as4 (13) where s(r) is a scaling parameter. The universal functions are obtained from volumetric and vapor-pressure data for argon and for methane as indicated previously4. They are The effect of sequence distribution is not incorporated into the perturbation tenn in Eqs. (1) and (5) . In principle, the effect of sequence distribution can be introduced by expanding the perturbation term by the fraction of particular sequences (e.g., dyads and triads) in place of segment fractionS. Such a method, however, requires additional interaction energy parameters.
Finally, in this paper we use the following combining rules to obtain parameters ua~ and e~ in Eq. (7) 
where 1J is the packing fraction given by 
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We use combining rules similar to Eqs. (16) and (17) 
The reference state is taken to be the pure ideal gas at unit pressure and at the temperature of the mixture containing the same number of molecules as the total number of molecules in the mixture. 
where superscripts ' and " denote the coexisting phases.
RESULTS AND DISCUSSION
Theoretical Coexistence Curves and Miscibility Maps. We first consider random copolymer mixtures oftype(AxB 1 _x}/{AyB 1 _yh containing two kinds of segments. For these systems the characteristic parameters in Eqs. (29) to (32) are:
where (43) . . When the theory is applied to real systems, this parameter must be obtained by comparing the theoretical prediction with experiment Figure   3 is similar to that shown in Figures 1 and 2 , exhibiting both a LCST and an UCST.
Therefore, the mixture of copolymers is completely miscible if the temperature of interest is between LCST and UCST. At temperatures in Figure 3a , immiscibility is caused by 12 LCST behavior and the miscible area decreases as the temperature rises; however, at temperatures in Figure 3b , immiscibility is caused by UCST behavior and the miscible area increases as the temperature rises.
Next, we consider mixtures ofrando~ copolymers of type (AxB 1 _x}.A:CyB 1 _y~2 containing three kinds of segments. The characteristic parameters for these systems are: and A tfC 500 represent homopolymer-solvent solutions which exhibit both a LCST and an UCST. For simplicity, let these two systems be identical. The system B 2 ofC 20 is a homopolymer blend which is essentially immiscible in the temperature range shown in For simplicity, these two systems are assumed to be identical. The system B 10 oofC 1000 is a homopolymer blend which is essentially immiscible. The homopolymer/copolymer blend of type A 1 oooof(CyB 1 _y) 10000 also exhibits both a LCST and an UCST. Figure 5b shows the copolymer composition dependence of LCST and UCST. The miscible temperature range increases as the copolymer composition rises.
The enhanced solubility of copolymer can be explained as follows. Since the parameters are chosen such that the interactions between segments B and C are unfavorable, the presence of segment C among segment B in copolymers gives interactions that are 'less favorable between the copolymers than those between homopolymers consisting of segment B only. Therefore, interactions between copolymer and solvent relative to those between copolymers become more favorable, resulting in increased solubility of copolymer in solvent A or homopolymer consisting of segments of type A. These results imply that a copolymer and a homopolymer can be miscible even though the corresponding three binary mixtures ofhomopolymers are immisciblelO. parameter set 2 is slightly wider than that with parameter set 2. The width of the · coexistence curve, however, is narrower than that from experiment Next, we predict the coexistence curves of other systems containing styrene and butadiene segments, including random copolymers, using the binary parameters obtained above. The intersegmental parameters were obtained as follows. We first assume a reasonable value of 'AB (for example,AB=l.OOO), and then compute KAB assuming that at 25oC the boundary between miscible and immiscible regions at f/J 1 ,A=l.O lies at t/J2.A=0.74. The best fit was obtained with 'AB=l.OOI. Table m gives the values of intersegmental parameters. The theory predicts that the immiscibility in this system is caused by LCST behavior. Also shown in Figure 9 is the miscibility map at 180°C. The theoretical miscibility map was computed using parameters obtained at 25°C. Although the choice of 'AB is somewhat arbitrary, the agreement of predicted miscibility map with experiment at 180oC is good.
Classical incompressible lattice theory such as the Flory-Huggins theory14
predicts that for mixtures of type (AxB 1 _x)rtfAyB 1 _y)r 2 a pair of cop.olymers is miscible if the copolymer composition difference IX-Yl is smaller than a critical value IX-Ylc which is independent of the copolymer compositions. The miscibility of the system shown in Figure 9 follows the prediction of Flory-Huggins theory. The temperature dependence of miscibility maps, however, cannot be explained by the Flory-Huggins theory which can predict an UCST only. The Flory-Huggins theory predicts that the miscible area increases as the temperature rises. Equation-of-state theory is necessary to explain the immiscibility caused by LCST behaviorl5-18. In the system shown in Figure 10 , the critical composition difference IX-Yfc 
=-dp.
~e reference state is taken to be the pure ideal gas at unit pressure and at the temperature of the mixture containing the same number of molecules as the total number of molecules in the mixture. 
